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Abstract—A backstepping controller is designed for a system
of parallel buck converters sharing load. Controller objective is
to ensure proper current sharing and output voltage regulation.
The designed controller is successfully tested for both constant
load and sudden change in loading conditions.
Index Terms—DC-DC converters, buck converter, backstep-
ping control, Lyapunov Function
I. INTRODUCTION
Parallel DC-DC converters are useful in high-performance
applications due to their ability to reduce stress on individual
components and improve reliability. But these benefits come
at a price as controller design becomes more involved. The
objective of the controller is to ensure voltage regulation and
proper load sharing. If the controller fails to achieve these
goals, this can lead to converter overloading and bad output
voltage profile which can further damage the system.
The traditional droop mechanism that is used for load
sharing among parallel generators for AC systems can be
extended to parallel converters [1], [2]. Although the droop
mechanism is easy to implement, its passive nature has mo-
tivated researchers to look for active load sharing methods.
The concept of master-slave method is quite popular in the
scientific community [3], [4]. In this method, one converter
acts as a master and regulates the output voltage while the
other converters (slaves) follow the master’s current. The
concept of multi-agent systems has also be applied for parallel
DC-DC systems [5], [6]. In this paper, separate backstepping
controllers are designed for the two converters. The first
converter aims to follow the given reference voltage while
the second converter ensures proportional load sharing.
II. SYSTEM MODELING AND PROBLEM FORMULATION
Figure 1 shows an ideal DC-DC buck converter along with
its equivalent model which can be obtained using average-
value modeling [7], [8]. System parameters for a buck con-
verter are input voltage, Vin, inductance, L, capacitance, C
and the load resistance, R.
For the given buck converter, the control variable is the duty
cycle di, which is the ratio of the on-time of the MOSFET
(switch) and the switching time period [7]. Figure 2 shows the
system of two parallel buck converters supplying a common
load resistance R. The state space model for this system can
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Fig. 1. Buck converter and its equivalent model.
be derived as follows. Appyling the Kirchhoff voltage law on
two inductors, we get
L1
diL1
dt
= d1V1 − Vo
L2
diL2
dt
= d2V2 − Vo (1)
Applying the Kirchhoff current law gives
C1
dVo
dt
= iL1 − I1
C2
dVo
dt
= iL2 − I2
I1 + I2 = Vo/R (2)
Adding the equations (2) will give
C
dVo
dt
= iL1 + iL2 − Vo/R (3)
where, C = C1 + C2.
The objective of the control system is to make sure that the
output voltage is regulated at a given Vref and the current is
shared proportionally between the converters. This means that
Vo → Vref and iL1/I1m = iL2/I2m, where I1m and I2m are
the rated current for converter 1 and converter 2, respectively.
It is assumed that the converters stay in the continuous current
mode (CCM).
III. BACKSTEPPING CONTROL
A. Voltage Regulation
The control objectives for this system are achieved by using
separate backstepping-based controller for each converter. The
first converter ensures that the output voltage of converter 1
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Fig. 2. Averaged model of parallel buck converter.
traces the given reference voltage, Vref . The second converter
adjusts its current such that the load sharing is proportional.
From equations (1) and (3), state space equation for
Converter 1 is
L1
diL1
dt
= d1V1 − Vo
C
dVo
dt
= iL1 + iL2 − Vo/R (4)
where C = C1 + C2. Let e = Vref − Vo, the error between
the desired and actual output voltage. Taking the derivative,
we get
e˙ =
1
C
(
V o
R
− iL1 − iL2)
e˙ =
1
C
(
Vref
R
− e
R
− iL1 − iL2) (5)
In equation (5), iL1 acts as the virtual control variable.
Therefore, adding and subtracting iL1D , which is the desired
value for iL1 we get
Ce˙+
e
R
− Vref
R
+
iL2
R
+ iL1D = i˜L1 (6)
where, i˜L1 = iL1D − iL1 . If iL1D = VrefR −
iL2
R + k1e, where
k1 > 0, the error dynamics becomes
Ce˙+ e
(
1
R
+ k1
)
= i˜L1 (7)
which is a stable system. The variable k1 is added to ensure
faster response.
In order to select the appropriate duty cycle d1, let i˙L1 =
W1. Consider the Lyapunov Function candidate (LFC)
V1 =
1
2
(
e2 + i˜2L1
)
V˙1 = ee˙+ i˜L1
˙˜iL1
V˙1 =
e
C
(
i˜L1 −
e
R
− k1e
)
+ i˜L1
(
− i˙L2
R
+ k1e˙−W1
)
(8)
For the Lyapunov function to be negative definite, select
W1 = − i˙L2
R
+ i˜L1 +
e
C
+ k1e˙ (9)
Substituting W1 in Lyapunov function expression gives
V˙1 = −e
2
C
(
1
R
+ k1
)
− i˜2L1 (10)
Since V˙1 is negative definite, error e → 0 and i˜L1 → 0
Therefore, the duty cycle for the first converter for successful
voltage tracking is
d1 =
L1W1 + V o
V1
(11)
B. Proportional Current Sharing
The current sharing is ensured by a separate backstepping
controller which controls Converter 2. For proportional current
sharing between the two converters, say the maximum current
that can be supplied by the two converters be I1m and
I2m. Then the goal of the second controller is to ensure
(iL1/I1m − iL2/I2m) → 0. The state space equation for
Converter 2 is as follows
L2
diL2
dt
= d2V2 − Vo
C
dVo
dt
= iL1 + iL2 − Vo/R (12)
Let e2 = iL1/I1m − iL2/I2m, then the error dynamics for
the second controller can be written as
e˙2 =
1
I1mL1
(d1V1 − Vo)− 1
I2mL2
(d2V2 − Vo)
e˙2 =
(
d1V1
I1mL1
− d2V2
I2mL2
)
+ Vo
(
1
I2mL2
− 1
I1mL1
)
(13)
Let
(
1
I2mL2
− 1I1mL1
)
= X , then equation (13) becomes
e˙2 − d1V1
I1mL1
+
d2V2
I2mL2
−XVoD = −V˜oX (14)
where, VoD is the desired output voltage and V˜o = VoD − Vo.
If VoD = 1X
(
− d1V1I1mL1 + d2V2I2mL2 − k2e2
)
, where k2 > 0, then
the error dynamics becomes a stable system as shown below
e˙2 + k2e = −V˜oX (15)
To check the stability of the system, consider the Lyapunov
Function candidate
V2 =
1
2
(
e22 + V˜
2
o
)
(16)
Let W2 = i˙L2 and differentiate the LFC, which gives
V˙2 =e2e˙2 + V˜o
˙˜Vo
V˙2 =e2
(
−V˜oX − k2e2
)
+
V˜o
[
1
X
(
V2d˙2
I2mL2
− k2e˙2
)
−W2
]
(17)
Note that in equation (17), since the controller is designed
considering converter 2, the duty cycle for converter 1, d1,
is treated constant. For equation (17) to be negative definite,
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Fig. 3. Output voltage for parallel buck converter system. Vout is regulated
to the reference voltage.
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Fig. 4. Difference between the per unit currents supplied by each converter.
The controller ensures proportional load sharing as seen by the difference in
per unit currents.
select
W2 =
1
X
(
V2d˙2
I2mL2
− k2e˙2
)
− e2X + V˜o (18)
Since W2 = i˙L2 , using equations (18) and (12) we get
d˙2 =
I2mL2
V2
[(
V˙o + eX − V˜o
)
X + k2e˙2
]
(19)
IV. SIMULATION RESULTS
A. Constant Load
The designed controller is first tested on a constant resistor
load. The system parameters for each converter is given in
Table I. The two converters are similar but the maximum
current capacity of converter 1 is 5 A while that of converter
2 is 2 A. The parallel converters are supplying current to a
10 Ω resistor. The goal is to ensure that the per unit current
supplied by each converter is equal and the output voltage is
regulated at a given Vref . Herein, Vref = 8, k1 = k2 = 1.
Figure 3 shows the variation of output voltage. It can be seen
that the controller matches the output voltage to the desired
voltage. Figure 4 shows the plot for the difference between
the per unit current supplied by both the sources. It can be
observed that the controller ensures that the per unit current
supplied by each converter is same.
TABLE I
SYSTEM PARAMETERS
Li(mH) Ci(µF ) I1m(A)
Converter 1 1 10 5
Converter 2 1 10 2
Time
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Fig. 5. Output voltage Vout under sudden change in load.
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Fig. 6. Difference between the per unit currents supplied by each converter.
B. Change in Resistance
In this section, performance of the controller is evaluated
when there is a sudden change in load. For this simulation, the
resistance of the load is suddenly changed from 10 Ω to 15 Ω
at time t = 0.05 seconds. Figures 5 and 6 show the variation
of output voltages and the difference between the per unit
currents. It can be seen that controller quickly regulates the
output voltage and balances the current sharing.
V. CONCLUSION
In this paper, backstepping-based controller is designed
for the system of parallel converter sharing a common load.
The controller is designed such that the output voltage is
regulated and the current is shared proportionally between the
converters.
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